Objective: In a preliminary cross-sectional study, we discovered that DNA topoisomerase II autoantibodies (anti-TopII) were detected in 49.2% of 195 Chinese type 1 diabetes mellitus (type 1 DM) patients with a mean age of 14.5 years and a mean duration of disease of 4.6 years. In order to demonstrate the relationship between anti-TopII and other immunological characteristics in Chinese type 1 DM patients, and to evaluate its putative prediction efficacy in Chinese patients, we simultaneously examined the frequency of anti-glutamic acid decarboxylase autoantibodies (anti-GAD), anti-TopII, antithyroglobulin/antimicrosomal autoantibodies (ATA/AMiA) and C-peptide concentrations in our patients in the present study.
Introduction
Type 1 diabetic mellitus (type 1 DM) is an autoimmune disorder in which T-cell-dependent b-cell destruction occurs in genetically susceptible hosts (1) (2) (3) (4) (5) . Patients with type 1 DM are associated with several types of autoantibodies against a variety of cellular components such as islet-cell cytoplasmic antigens (ICA), glutamic acid decarboxylase (GAD), heat shock protein 65, carboxypeptidase H, insulin, and the most recently identified tyrosine phosphatase-like molecules, IA-2 and with that of Caucasoid patients (22) . In addition, the associations of human leucocyte antigen in Chinese type 1 DM patients have been reported to be gender-and age-related and may be different from those in Caucasians (23, 24) . All the above observations suggest the involvement of multiple autoantigens and genetic differences might result in different processes of the heterogenous autoimmune responses in Chinese type 1 DM pathogenesis. However, most of the research work referring to type 1 DM has been focused on Caucasian subjects, and the correlation between various autoantibodies in Chinese type 1 DM patients has never been established.
The topological state of DNA is an important determinant for DNA structure and function. Two fundamentally different types of DNA topoisomerases are found in nature: DNA type I topoisomerase breaks and rejoins only one of the two strands for each DNA strand-passing reaction, while DNA type II topoisomerase (TopII) breaks and rejoins both strands for each DNA strand-passing reaction (24) (25) (26) (27) . In a previous crosssectional study, we used purified overlapping TopII fragments as antigens to examine sera of 195 Chinese type 1 DM patients (28) . The results showed that TopII autoantibodies (anti-TopII) were detected in 49.2% of our patients. We also discovered up to 55.6% homology between GAD and the central region of TopII and, therefore, inferred that anti-TopII might derive from the antigenic mimicry to GAD in our previous study. In order to demonstrate the relationship between antiTopII with other immunological characteristics in Chinese type 1 DM patients and to evaluate its putative prediction efficacy in Chinese patients, we simultaneously examined the frequency of anti-GAD, anti-TopII, antithyroglobulin/ antimicrosomal autoantibodies (ATA/AMiA) and Cpeptide concentrations in our patients in the present study. The most striking finding in this study is that we found anti-TopII to be more constant and persistent than anti-GAD in our patients, especially in the subgroup of patients with long-standing duration of diabetes (more than 11 years); whereas generally there is no significant difference in the prevalence of antiTopII and anti-GAD in our patients when they are stratified by age and age at onset. This observation indicates that anti-TopII is probably a better indicator for the prediction of the disease or for monitoring the disease treatment in Chinese patients.
The incidence rate of Caucasian type 1 DM is reported to be bimodal: one peak occurs close to puberty and another in the fifth decade. The pattern of incidence of type 1 DM with two peaks may reflect age-related differences in the pathogenesis of the disease. There are few reports relating to the adult-onset Chinese type 1 DM because of its low incidence in Chinese people. We therefore divided our patients according to their age of onset to examine whether there is any difference in terms of immunological manifestation(s) between these two subgroups of Chinese type 1 DM. We discovered that Chinese type 1 DM that begins in adulthood is characterized by preservation of residual b-cell function and higher anti-TopII frequency and further univariate and multivariate analysis confirms the prevalence of anti-TopII associated with late-or adult-onset Chinese type 1 DM.
Another subtype of type 1 DM is the slowly progressive or latent autoimmune diabetes in adults (LADA) (29) . Characteristics of these patients include a significantly higher age of onset compared with acute onset type 1 DM, with a peak at around 30-50 years. Patients with LADA share the classical type 1 DM clinical manifestations including being non-obese, insulin-requiring, with a history of ketoacidosis and low C-peptide levels (30, 31) . It is also intriguing for us to analyze the correlation of anti-TopII with the eventual requirement of insulin treatment in Chinese type 2 DM patients. However, we cannot provide any clue so far as to the predictive power of anti-TopII for insulin requirement in Chinese type 2 DM patients.
The discovery of a brand new autoantibody in type 1 DM might provide great potential for the development of more powerful predictive or diagnostic tools. However, we cannot achieve this goal without complete understanding of the characteristics of the newly identified autoantibody. We believe the thorough identification and characterization of a new autoantibody could increase the possibility of predicting the disease and might ultimately prevent it, especially in the different pathogenic process in Chinese type 1 DM compared with that of Caucasian patients. Here, we present the relationship between our newly identified autoantibody, anti-TopII, with other autoantibodies in Chinese type 1 DM patients. Hopefully, this study will contribute to the understanding of the putative different autoimmune pathogenesis and provide new monitoring strategies in Chinese diabetic patients.
Materials and methods

Study subjects and determination of thyroid autoantibodies
Sera of 201 Chinese patients with type 1 DM (83 males, 113 females) were obtained from the Department of Medicine, Veterans General Hospital, Taipei. The mean age and age at onset were 14.3 Ϯ 0.6 years (3.2 -45 years) and 9.6 Ϯ 0.5 years (0.2 -35 years) respectively, with a mean disease duration of 4.5 Ϯ 0.2 years (0.25 -20 years) ( Table 1 ). The clinical diagnosis of type 1 DM was confirmed by undetectable or low fasting serum C-peptide concentrations (< 0.3 nmol/l). C-peptide was determined by radioimmunoassay (GPserumM1221, Novo, Vagaswaerd, Denmark). The interassay coefficient of variation (CV) and the intra-assay CV were 8.0% and 6.9% respectively, with a minimum detection level of 0.1 nmol/l. Antithyroglobulin (ATA) and antimicrosomal antibodies (AMiA) were determined by hemagglutination assay (Fujirebio, Tokyo, Japan). The test was interpreted as positive if the final serum dilution was 1:100 or higher. Autoantibody against topoisomerase II was determined by enzyme-linked immunosorbant assay as described previously (28) . For controls, 51 healthy non-diabetic subjects were recruited.
Glutamic acid decarboxylase antibody (anti-GAD) assay
GAD antibody radioimmunoassay (RIA) was performed using an anti-GAD RIA kit developed by RSR Ltd, Cardiff, UK. Twenty microliters of test serum samples were first incubated with 50 ml 125 I-labeled human recombinant GAD65 for 2 h at room temperature. This was followed by the addition of 50 ml solid phase protein A, and incubation for 1 h at room temperature to precipitate the labeled GAD-GAD antibody complexes. After centrifugation at 1500 × g for 30 min at 4 ЊC, the supernatants were discarded and the precipitates were counted for 125 I. The amount of radioactivity in the precipitates is proportional to the concentration of GAD antibody in the test sample. Sera were considered GAD antibody-positive if they contained >1 u/ml of antibody, which was more than 4 S.D. above the mean for healthy individuals recommended by RSR Ltd. The interassay CV and the intra-assay CV were 3.1 and 5.1% respectively.
Statistical analysis
Results were expressed as mean values ( Ϯ S.E.) with 95% confidence interval for each parameter measured. Univariate comparisons were performed using Student's t-test for normal distributed data (with unpaired analysis for intergroup comparison) and Chi-square test for diclomatous data. Multivariate analysis, using a multiple logistic regression model with step-down method, was used for interpreting the independent risk factors which increased the incidence of anti-TopII. The data were analyzed using the program SPSS for Windows. All P values were two-tailed, with statistical significance indicated by a value of P < 0.05.
Results
Autoantibodies to TopII and GAD were detected by ELISA and radioimmunoassay respectively, using the purified topoisomerase II proteins and anti-GAD RIA kit with purified recombinant human GAD65. When the type of autoantibody present was examined according to the sex, age, age at onset and duration of type 1 DM, a difference in the frequency of anti-GAD and anti-TopII was found.
Frequency of autoantibodies
Overall, anti-GAD were detected in 45.8% (92/201), anti-TopII in 50.2% (101/201), and ATA/AMiA in 13.4% (27/201) of our patients (Tables 1 and 2 ). Although C-peptide was undetectable in the majority of our patients, 23 patients (11.4%) remained C-peptidepositive (Table 1) . Fifty-two (25.9%) and 60 (29.8%) were concurrently positive and negative for anti-TopII and anti-GAD respectively, and 89 patients (44.3%) had either anti-GAD or anti-TopII autoantibodies (Table 3) . 
Association with sex
A sex difference in the prevalence of anti-GAD, ATA/ AMiA and the concurrent appearance of anti-GAD and anti-TopII was found. The female to male ratios in all patients and anti-TopII-positive patients were 1.36 (113/83) and 1.40 (59/42) respectively, whereas that of the patients carrying anti-GAD, ATA/AMiA and both the anti-GAD and anti-TopII were 2.17 (63/29), 3.50 (21/6) and 2.5 (37/15) respectively (Tables 1-3 ). The levels of anti-GAD were also higher among females (mean 34.9 units, range: 1-161.7) than males (mean 22.2 units, range: 1.21-132.24) (data not shown). Anti-GAD positivity in the female and male was 55.7% and 32.9% respectively. Our result of gender-related anti-GAD positivity is at variance with other studies where no gender difference of GAD antibody prevalence was seen (32) . This discrepancy might be due to the racial difference of type 1 DM pathogenesis.
Associations with age and age at onset
The mean age of onset in patients carrying C-peptide is older than that in other patients (14.2 Ϯ 1.6 vs 9.6 Ϯ 0.5 years, P < 0.05, Patient group (n ¼ 201) anti-GAD-positive patients was at the borderline of statistical difference compared with that in anti-GADnegative patients (11.0 Ϯ 0.7 vs 8.4 Ϯ 0.7 years, Table 2 ). This observation indicated that the age of onset of anti-GAD-positive patients might have a tendency to be slightly later compared with that of anti-GAD-negative patients. Besides, age of onset in patients carrying both anti-TopII and anti-GAD is statistically older than that of patients without these two antibodies (11.5 Ϯ 0.9 vs 7.5 Ϯ 0.9 years, P < 0.05, Table 3 ). Taken together, these observations suggest that Chinese patients who develop type 1 DM later tend to derive more than one autoantibody. Table 4 shows the percentage of cases positive for anti-GAD and anti-TopII by age, age at onset and duration. Except for the adolescent age (47.6% Ϯ 11.2% vs 71.4% Ϯ 10.2% and 47.4% Ϯ 11.8% vs 79.0% Ϯ 9.6% for age between 16-21 years and 21-26 years respectively, P < 0.05, Table 4 ), age of onset between 6-11 years (52.6% Ϯ 8.2% vs 71.1% Ϯ 7.5%, P < 0.05, Table 4 ) and duration longer than 11 years (20.0% Ϯ 13.3% vs 70.0% Ϯ 15.3%, P < 0.05, Table 4 ), there is no significant difference between the prevalence of anti-GAD and anti-TopII in our patients when stratified by age, age at onset and duration. The average level of anti-GAD is also elevated in the adolescent age and age at onset groups but tends to gradually decrease with advancing age (data not shown). Generally, there seems to be no significant difference between the frequency of anti-GAD and anti-TopII among Chinese type 1 DM patients.
Associations with disease duration
The average disease duration of 23 C-peptide-positive patients was statistically shorter than other patients (2.8 Ϯ 0.5 vs 4.5 Ϯ 0.2 years, P < 0.05, Table 1 ). The mean duration of anti-GAD-positive patients is also at the borderline of statistically significant difference compared with that in anti-GAD-negative patients (4.0 Ϯ 0.3 vs 5.0 Ϯ 0.4 years, Table 2 ). In a sequential observation, the frequency of anti-GAD is quite constant with longer disease duration but it sharply decreased when the duration of disease is longer than 11 years (from 55.6% to 20.0%, Table 4 ). Anti-GAD titers tend to decrease regardless of the coexistence of anti-TopII, C-peptide and ATA/AMiA positivity (data not shown).
On the other hand, the positivity of anti-TopII is gradually increased rather than decreased with longer duration. The most striking finding is that this increased tendency is obvious and the anti-TopII positivity turned out to be 70.0% when the duration is longer than 11 years (41.7% to 70.0%, Table 4 ). All the above observations implied that anti-GAD and anti-TopII autoantibodies remain consistent and persistent in Chinese with long-term type 1 DM duration, but antiTopII frequency is more persistent than anti-GAD, especially when the diabetic duration is longer than 11 years. This indicated that anti-TopII, rather than anti-GAD, might act as a better indicator for monitoring the pathogenesis of Chinese type 1 DM patients especially in patients with long-standing duration of disease.
Associations of autoantibodies
Among patients positive for anti-GAD, 22.8% (21/92) were positive for ATA/AMiA, compared with only 5.5% (6/109) among patients negative for anti-GAD (Table 2 , P < 0.05). The ATA/AMiA positivity is also associated with the concurrent appearance of anti-TopII and anti-GAD (30.8%, P < 0.01, Table 3 ). This phenomenon is obvious especially when the patients were anti-GADpositive with titers between 10-50 units (data not shown); in addition, among this subgroup of patients, the C-peptide positivity is much lower (7.7%, Table 3 ). It shows that patients who carry more than one antibody might have prominent b-cell destruction since the C-peptide positivity is lower; however, there is no significant difference in C-peptide levels compared with patients who carry only a single autoantibody.
Comparison of youth-and adult-onset type 1 DM
The incidence rate of type 1 DM is bimodal: one peak occurs close to puberty, and the other in the fifth decade. To investigate possible differences in these two The mean duration was longer in adults (6.9 Ϯ 0.6 vs 4.5 Ϯ 0.3 years, P < 0.05, Table 5 ) and their fasting serum C-peptide concentrations were higher in adultonset type 1 DM (1.31 Ϯ 0.13 vs 0.57 Ϯ 0.03 nmol/l, P < 0.05, Table 5 ). Sixty-four (45.7%), 66 (47.1%) and 18 (12.8%) out of 140 children were positive for anti-GAD, anti-TopII and ATA/AMiA respectively, as compared with 25 (51.0%), 32 (65.3%) and 9 (18.4%) of 49 adult-onset patients. It indicated that although the duration of adult-onset Chinese type 1 DM is longer, their anti-TopII positivity and b-cell function is significantly higher and better than that of the juvenileonset Chinese type 1 DM patients.
Univariate and multivariate analysis of anti-TopII
According to the univariate analysis described above, there is no significant difference in the age, age of onset and duration between anti-TopII-positive and anti-TopII-negative patients (Table 2) while ATA/AMiA is more prevalent in anti-TopII-positive patients (18.8% vs 8%). There was also no significant difference in C peptide and anti-GAD positivity between these two subgroups of patients (Table 2) . For further identification of the putative risk factor(s) that increases the incidence of anti-TopII, we recruited the factors of age of onset, duration and ATA/AMiA in the multivariate analysis of anti-TopII positivity. Age is excluded from this multivariate analysis since the age and age of onset are closely related in our patients, such that the patient would definitely be older if the age of onset is later. We can tell from the results of this analysis that the relative risk of onset (>18 years vs Յ18 years) did correlate with anti-TopII positivity (relative risk ¼ 2.15, Table 6 ). We conclude that the prevalence of anti-TopII is actually associated with the age of onset. It indicated that patients would tend to elicit anti-TopII when they contract the disease when older than 18 years, the adult-onset form of type 1 DM.
Discussion
In order to testify the putative correlation between antiTopII and other autoantibodies, we examined the autoantibody profiles of 201 Chinese type 1 DM patients; among these patients 45.8% were positive for anti-GAD, 50.2% for anti-TopII, 13.4% for ATA/AMiA and 11.4% remained C-peptide-positive in this study.
Comprehensive demographic data from a large number of Chinese type 1 DM patients, with age and age of onset up to 45 and 35 years make comparison of biological markers in different age groups feasible. According to the literature, anti-GAD prevalence among Asian groups was relatively low compared with that of Caucasians (33, 34) . Anti-GAD prevalence rates are reported to be only 5-29% in Japanese, Koreans, Thais, and Chinese residents of Hong Kong (34) (35) (36) . However, the frequency of anti-GAD in our patients is higher compared with those results. High rates for anti-GAD, similar to the Caucasians, have also been reported (37, 38) . These controversial observations might be due to the different cut-off values set among laboratories or to other environmental factors that affect the disease pathogenesis, since the dietary habits and living styles are quite diverse in the areas mentioned above even within the same ethnic group. The frequency of anti-GAD is highest in our patients who are between 11-16 years old or older than 25 years and with an age of onset of between 11 and 15 years old (Table 4) . Chan et al. (36) also found that the prevalence rate for anti-GAD positivity is associated with younger age in Chinese patients. However, there is another contradictory study (32) where no age or gender difference of anti-GAD prevalence was seen. An explanation for these discrepant findings is that they might be caused by different mechanisms of pathogenesis among the ethnic groups which resulted in the age-related anti-GAD discrepancy. Anti-GAD frequencies are similar in patients with recent-onset type 1 DM compared with those within 10 years of diabetic duration. But the prevalence of anti-GAD is sharply decreased to 20% in patients with diabetic duration of more than 11 years. It would be interesting to know the mechanism of this overt decrease. However, as yet we have no explanation for the age-related anti-GAD discrepancy or for the mechanism of the sharp decrease in anti-GAD frequency after 11 years of diabetic duration.
When we compared the frequencies of anti-TopII and anti-GAD by stratifying our patients according to age, age at onset and duration, no significant difference was found between the pattern of anti-GAD and anti-TopII positivity except for those of adolescent age, age at onset between 6-10 years and duration longer than 11 years (Table 1) . Although the prevalence and titer of ICA were both reported to decrease with the duration of type 1 DM (39), neither the anti-GAD nor anti-TopII in our patients are transient reactivities. The positivity of anti-GAD and especially anti-TopII remained constant and persistent in our patients. The most intriguing finding is that the prevalence of anti-TopII, unlike the tendency for a rapid decrease in ICA, tends to be persistent and even to increase over the long-term duration of disease.
The positivity of anti-TopII is relatively stable regardless of disease duration, and remains as high as 70.0% in our patients with duration of disease greater than 11 years. Further study is needed to find out if the persistence of anti-TopII in our patients with longterm type 1 DM represents a milder and slower destruction of spleen cells, although we did not find a significant difference in the C-peptide levels between anti-TopII-positive and -negative patients. Although it is too early to answer the above questions at the present stage, anti-TopII might have more potential than ICA and anti-GAD in retrospective studies when looking for islet autoimmunity in type 1 DM patients who were diagnosed years previously because of the persistence of anti-TopII following diagnosis of type 1 DM. In addition, to take advantage of its long-term persistence, antiTopII could be developed and become a new indicator to monitor islet cell destruction or disease progression.
Another interesting observation is that there is a significantly higher female to male ratio (2.17, 63/29, Table 2 ), higher frequency (55.8% vs 33.0%), and higher median levels (34.9 vs 22.2 units, data not shown) of anti-GAD in females than in males, as well as a higher female to male ratio in ATA/AMiA (3.5, 21/6, Table 1 ) in our patients. The study by Thai et al. (22) also suggests that anti-GAD in Chinese type 1 DM patients may be gender related. Our observation is in agreement with three other studies (40) (41) (42) and supports the view that organ-specific endocrine autoimmunity occurs more frequently in females regardless of racial difference (43) . However, anti-GAD was reported to be independent of sex in Caucasian type 1 DM patients (19) . The finding that anti-GAD in Chinese type 1 DM is gender related, being more frequent in females than in males, further supports the theory that the autoimmune responses may be operating differently in different ethnic groups and may be gender related in Chinese patients.
Type 1 DM is frequently associated with organspecific autoimmune diseases, including autoimmune thyroid disease, pernicious anemia, and idiopathic Addison's disease (44) (45) (46) (47) . A significantly higher frequency of ATA/AMiA among anti-GAD-positive than among anti-GAD-negative type 1 DM patients was seen in this investigation (22.8% vs 5.5%, P < 0.05, Table 2 ). Also, ATA/AMiA positivity is most prominent in patients with concurrent anti-TopII and anti-GAD positivity (30.8%, P < 0.05, Table 3 ). This observation is in accordance with the work of Martino et al. (40) and suggests that this may represent a subgroup associated with polyendocrine autoimmunity. This evidence led to speculation that the production of GAD or TopII antibodies in type 1 DM patients with autoimmune thyroid disease might be attributable to a polyclonal activation of the autoimmune system in autoimmune thyroid disease, although this is still controversial and needs further investigation.
There are several inconsistencies in the prevalence of In addition, we found anti-TopII positivity is associated with the age of onset using multivariate analysis of the putative risk factor(s) that increases the incidence of anti-TopII (Table 6 ). It indicated that Chinese patients would tend to elicit anti-TopII when they contract the disease when they are older than 18 years, the adult-onset form of type 1 DM. Another subtype of type 1 DM is the slowly progressive form or latent autoimmune diabetes in adults (LADA) (29) , a subgroup of type 2 DM patients who eventually require insulin treatment. The characteristics of these patients include age of onset which is significantly higher compared with acute onset type 1 DM, with a peak at around 30-50 years old. It has been suggested that the presence of anti-GAD may identify this subgroup. About 5-9% of type 2 DM patients are LADA subjects with anti-GAD (8, 9) . On the other hand, combined screening for IA-2A and anti-GAD has proved to be a powerful approach with which to identify subjects at risk for type 1 DM in large-scale population studies according to several recent reports (18, 19) . Since the percentage and prediction of LADA in the Chinese population is still an enigma, our finding that anti-TopII positivity is associated with older age of onset is tempting us to investigate whether anti-TopII can differentiate LADA in Chinese type 2 DM. The combination of autoantibodies against TopII, GAD and IA-2 in Chinese patients to assist in the prediction of disease would be interesting, but it awaits further study.
A high proportion of Chinese type 1 DM patients has no evidence of either anti-GAD or ICA (22) . It was suggested that differences in etiology may exist between racial groups and it was inferred that other autoantigens of greater relevance have yet to be identified in the Chinese. The identification of new type 1 DM autoantigens is likely to provide novel strategies to predict this disease. In this paper, we have presented and characterized the correlation of immunological features with anti-TopII, and have analyzed the putative associations between various autoantibodies among 201 Chinese type 1 DM patients from a statistical point of view. Above all, we conclude that the involvement of multiple autoantigens or genetic differences within and between ethnic groups can contribute to the heterogenous autoimmune responses in the type 1 DM process. The autoimmune mechanisms in the Chinese type 1 DM are indeed different from the Caucasians, and further investigations should be carried out to explain these differences. Hopefully, we can provide further understanding of the clinical manifestations and immunological responses of Chinese type 1 DM patients through this study.
